1. Introduction {#sec0005}
===============

Magnetic resonance(MR) imaging has a paramount role in the management of breast cancer patients thanks to its great diagnostic sensitivity, mainly in cases of dense breast tissue \[[@bib0005],[@bib0010]\]. In particular, MR improves detection of malignant lesions not identified by mammography(MMG) or Ultrasonography(US) \[[@bib0015],[@bib0020]\]. With MR, in view of its higher sensitivity, it is possible to detect up to 20 % more malignant lesions compared with conventional imaging \[[@bib0025], [@bib0030], [@bib0035]\]. False-positive results represent a disadvantage of MR. Therefore, enhanced lesions with suspicious features should undergo to percutaneous biopsy with US-guided or MMG-guided procedures, to ensure accurate patient and disease management. In recent years, new MR-guided percutaneous procedures have been developed and employed worldwide to prevent unnecessary surgical biopsies, which carry associated morbidity risks, when the lesion cannot be reproduced on US or MMG \[[@bib0040],[@bib0045]\]. According to the guidelines of American Cancer Society(ACR) and European Society of Breast Imaging(EUSOBI) MR-guided biopsy should be performed for suspicious lesions which can be detected only by MR(MR-only lesions) \[[@bib0050],[@bib0055]\]. Although anesthesia and surgical techniques are aimed to reduce the surgery's impact on patients(e.g. ERAS protocols) \[[@bib0060], [@bib0065], [@bib0070], [@bib0075], [@bib0080]\], several publications demonstrate how MR-guided vacuum-assisted breast biopsy(MRgVABB) is a safe and accurate technique for evaluation of MR-only breast lesions \[[@bib0030],[@bib0040],[@bib0050],[@bib0055],[@bib0085], [@bib0090], [@bib0095], [@bib0100], [@bib0105]\]. Nevertheless, there\'s a lack of evidence proving imaging predictive features of MR-only lesions according to existing literature \[[@bib0090],[@bib0105],[@bib0110]\].

The present study aims to investigate the correlation between imaging and histological features of all MR-guided breast biopsies performed at our institution. Another objective was to assess the diagnosis frequency of high-risk lesions through MRgVABB, and its underestimation rate(UR). Moreover, when surgery was performed, histology of surgical resection was compared with MRgVABB sample characteristics and with MR image in order to identify any factors that may predict an upgrading of lesions. Both types of evidence could be used to optimize diagnostic-therapeutic management for breast cancer loco-regional staging patients who are already candidates for surgery.

2. Materials and methods {#sec0010}
========================

This research was designed as retrospective monocentric study. Institutional Review Board of Policlinico Tor Vergata Foundation waived the need for a formal approval considering the retrospective design of the study. The study included 111 new MR findings in 103 patients who went through breast imaging evaluation in Tor Vergata University Hospital from July 2016 to November 2018. Main eligibility criteria were the presence of new lesion detected by MR and subsequent clinical management in our facilities. Exclusion Criteria were pregnancy and absence of complete Breast Study available in Tor Vergata Hospital PACS system. Abnormal MR findings were first investigated with "second-look" US.

As reported in literature, up to 57 % of lesions originally visible only on MR can be US correlated \[[@bib0115]\]. MR-guided procedures were restricted to MR-only lesions, according to published guidelines. 45 of these cases were excluded from study as breast MR findings were also demonstrated with US and were referred to US-guided VABB \[[@bib0045]\].

Although 66 lesions were indicated for MRgVABB, 5 patients did not perform the biopsy. In particular, two patients exhibited vanishing target phenomenon: MR-only lesion was no longer present at the time of VABB procedure \[[@bib0120]\], one other patient was excluded from procedure due to the MR-only lesion localization, and another due to inadequate thickness of breast under compression. In one case MRgVABB was interrupted on account of early bleeding, despite the lesions had already been targeted.

According to the primary aim of the study, we analyzed only patients who underwent MRgVABB and 61 breast findings from 56 patients were analyzed (mean age 53 years, range: 22--78).

Breast MR indications were classified according to the European Society of Breast Cancer Specialists(EUSOMA) working group recommendations, into five categories: Staging of biopsy-proven breast cancer(23;59,01 %), Evaluation of breast cancer recurrence(9;14,75 %), Assessment of unknown primary breast cancer(1;1,64 %), Screening of women at high risk of breast cancer(7;11,48 %), Characterization of equivocal findings with conventional imaging(21;34,43 %).

Among the 23 patients who underwent MR for preoperative breast cancer staging, ipsilateral MRgVABB was performed in 10 cases(43,48 %) and contralaterally to the index cancer in 13 cases(56,52 %).

All MRgVABBs were performed using a 1.5 TMR System(Philips Intera Achieva, Best, the Netherlands) equipped with a dedicated surface coil(Open Breast Array Coil, Invivo).

The biopsy system and the coil allowed only lateral approach to the breast. Biopsies were performed through a freehand approach by a radiologist with 10 years of experience in performing breast interventions. The patient was positioned prone. Compression plates immobilized breast allowing a lateral-only access to the breast through a grid localization system. A vitamin E capsule was taped in a cell grid near the expected lesion site as a fiducial marker.

MR exam included a T1-weighted(T1W) axial sequence(1.5-mm in-plane resolution) and sagittal sequence(2-mm in-plane resolution) that were performed before and after i.v. injection of 0.15 mmol/kg of gadobenate dimeglumine(Gd-BOPTA-Multihance; Bracco Imaging, Milan, Italy) and a 20-mL saline infusion. A subtraction of the unenhanced images was then performed. After reviewing the axial and sagittal images on the console, a cursor was placed over the lesion, and the distance between the cursor and the fiducial marker was calculated along three axes(horizontal, vertical, and depth coordinates, respectively). The lesion coordinates and guidance for needle positioning were then manually obtained based on the spatial relationship between the lesion, the fiducial marker, and grid lines. Local anesthesia(lidocaine 1%) was then administered following disinfection. A small incision was made in the skin and the introducer was inserted into the breast. If the correct correlation between the introducer and the lesion was confirmed by the imaging, the introducer was removed and replaced by the VABB device through which biopsies were collected. MRgVABB were performed with 8 or 11-gauge VABB device(Mammotome®, Roma, Italy). The median number of VABB specimens was 16,13(range 12--24). The median time required to perform MR-guided biopsies was 35 min(range 21--63 min). Following the sampling, the operator released an MR-compatible titanium clip(Mammotome®, Roma, Italy).

The technical sampling steps after lesion targeting are displayed in [Fig. 1](#fig0005){ref-type="fig"}. Thereafter, biopsy site was compressed manually for at least 10 min beyond complete hemostasis. Sterile adhesives were then placed on the puncture site, antibiotics and cryotherapy was administered. After 2 weeks, cranio-caudal and medio-lateral MMG projections were acquired ([Fig. 2](#fig0010){ref-type="fig"}).Fig. 1Figure shows technical samplings steps in chronological order: local anaesthesia administration(a), incision of the skin(b), introducer insertion(c), VABB device insertion(d), clip insertion after specimens' collection(e).Fig. 1Fig. 2Figure shows a case of 54 years old woman with suspicious mass enhancement in the upper outer quadrant of the left breast classified as BI-RADS 4(a) undergone MRgVABB(b, c). Cranio-caudal(d) and medio-lateral(e) mammography projections acquired after 2 weeks show procedure effects and the presence of the metal clip. The histological examination resulted in invasive ductal carcinoma B5b(f).Fig. 2

Two radiologists with more than 10 and 5 years of experience in breast MR imaging, retrospectively reviewed all pre-biopsy MR images with knowledge of all preoperative data and the complete imaging, lacking information of the pathological or follow-up data. All the MR images were reviewed on a Picture Archiving and Communication System(PACS) workstation(Carestream, Genova, Italy). Axial T2 and T1 weighted images before injection were reviewed as well as an axial 3D T1 weighted DCE MR imaging(with a maximal slice thickness of 3 mm), with reformatted images in sagittal or coronal planes, as necessary. According to the ACR Breast Imaging and Reporting Data System(BI-RADS) MR lexicon \[[@bib0125]\], each MR lesion was categorized as mass enhancement(ME) or non-mass enhancement(NME). A final BI-RADS assessment category from 3 to 5 was assigned. All BI-RADS RM 4 and 5 need histological examination due to high risk of malignancy; BI-RADS RM 3 score patients were referred for MRgVABB due to clinical context and patients anxiety.

Histopathological results were classified into five diagnostic categories(B1-B5), according to the fourth edition of the European guidelines for quality assurance in breast cancer screening and diagnosis \[[@bib0130]\]. We compared MR features of the target lesion and histological outcomes of MRgVABB.

According to our internal guidelines, MR follow-up (6 months) is routinely recommended for all benign findings (B2), lesions classified as B3, B4 or B5 were assigned to subsequent surgical excision.

MRgVABB histopathological findings were compared to the final surgical findings in order to determine the UR. UR was calculated as the ratio between the number of upgraded lesions on surgical specimen and the number of total diagnosis with/by MRgVABB. Particularly, UR for atypical ductal hyperplasia(ADH) was defined when ADH lesions were diagnosed by MRgVABB and when ductal carcinoma in situ(DCIS) or invasive carcinoma were diagnosed by surgery, divided by the number of ADH diagnosed with MRgVABB. Moreover, underestimation for DCIS was determined when it was diagnosed by MRgVABB while invasive carcinoma was diagnosed by surgery, divided by the number of DCIS diagnosed with MRgVABB.

All data were recorded onto an EXCEL database(Microsoft, Redmond, Washington, United States). Continuous variables were reported as medians and ranges. Dummy variables were reported as numbers and percentages: Chi-squared and Fisher's exact tests for statistical significance were performed. Variables with a P value \<0.05 were considered statistically significant. SPSS statistical package version 23.0 was used(SPSS Inc., Chicago, IL).

3. Results {#sec0015}
==========

MRgVABB have been technically successful for all selected lesions. The only complication consisted of small hemorrhages requiring prolonged manual compression and took place in 9 patients (15 %). During surgeries, presence of the prior biopsy site was confirmed by pathologic analysis of surgical specimen in all cases.

According to retrospective analysis, MR-only lesions were classified as BI-RADS MR 4 lesions among 44 of the 61 cases and BI-RADS MR 5 lesions among 8 of the 61 cases. In 9 out of 61 cases MR-only lesions were classified as BI-RADS MR 3 lesions. In BI-RADS MR 3 lesions retrospective analysis of clinical notes demonstrated same BI-RADS RM 3 score, patients were referred for MRgVABB due to clinical context in 5 cases and according to patient's choice in 4 cases.

As shown in [Table 1](#tbl0005){ref-type="table"}, among the 61 analyzed findings, MRgVABB histological results were B2 in 35 cases(57,3 %), 10 of which were MEs(28,6 %) and 25 NMEs(71,4 %); B3 in 13 cases(21,3 %) of which 8 ME(61,5 %) and 5 NME(38,5 %); B5a in 8 cases(13,1 %) of which 2 ME(25 %) and 6 NME(75 %), B5b in 5 cases(8,2 %) of which 4 ME(80 %) and 1 NME(20 %).Table 1Correlation between Magnetic Resonance features and pathologic classification of breast lesions diagnosed by Magnetic Resonance guided Vacuum Assisted Biopsy(n = 61). ME: Mass Enhancement; NME: Non-Mass Enhancement.Table 1B2B3B5aB5bN°(%)N°(%)N°(%)N°(%)**ME**10/2441,6 %8/2433,3 %2/248,3 %4/2416,6 %**NME**25/3767,5 %5/3713,5 %6/3716,2 %1/372,7 %**Total**35/6157,3 %13/6121,3 %8/6113,1 %5/618,2 %

ME were 24/61, of which 10/24(41,6 %) B2, 8/24(33,3 %) B3, 2/24(8,3 %) B5a and 4/24(16,6 %) B5b. NME were 37/61, of which 25/37(67,5 %) B2, 5/37(13,5 %) B3, 6/37(16,2 %) B5a and 1/37(2,7 %) B5b, as summarized in [Table 2](#tbl0010){ref-type="table"}.Table 2Pathologic classification and histological types of breast lesions diagnosed by Magnetic Resonance guided Vacuum Assisted Biopsy and corresponding Magnetic Resonance features(n = 61).Table 2Pathologic classificationN° of lesions(%)Magnetic Resonance featuresN° ME(%)N° NME(%)**Benign lesions(B2)35(57.4)10(28.6)25(71.4)**Ductal epithelial hyperplasia26(42.6)7(26.9)19(73.1)Sclerosing adenosis9(14.7)3(33.3)6(66.7)**High risk lesions(B3)13(21.3)8(61.5)5(38.5)**Papillary lesion1(1.6)1(100)0(0)Atypical ductal hyperplasia6(9.8)2(33.3)4(66.7)Lobular intraepithelial neoplasia2(3.3)2(100)0(0)Flat epithelial atypia4(6.5)3(75.0)1(25.0)**Malignant lesions(B5)13(21.3)6(46.1)7(53.8)**Ductal Carcinoma in situ8(13.1)2(25.0)6(75.0)Invasive carcinoma5(8.2)4(80.0)1(20.0)

Among the 35 lesions classified as B2, 100 % were stable or showed decreased contrast enhancement at 6-months MR follow-ups confirming benign outcomes in all cases. These patients were addressed to periodic conventional breast imaging.

Among the 23 patients who underwent MR for preoperative breast cancer staging, 14 underwent conservative surgery ([Fig. 3](#fig0015){ref-type="fig"}) and 9 underwent mastectomy ([Fig. 4](#fig0020){ref-type="fig"}).Fig. 3Figure shows a case of a 43 years old woman with invasive ductal carcinoma in the upper outer quadrant of the right breast classified as BI-RADS 6(a). During staging Magnetic Resonance another suspicious mass enhancement in the inner upper quadrant of the right breast was found, classified as BI-RADS 4(b) and underwent MRgVABB(c, d). Cranio-caudal(e) and medio-lateral(f) mammography projections acquired after 2 weeks show procedure effects and the presence of the metal clip. The histological examination resulted in ductal epithelial hyperplasia B2(g).Fig. 3Fig. 4Figure shows a case of 47 years old woman with invasive lobular carcinoma classified as BI-RADS 6 in the right breast and a suspicious mass enhancement classified as BI-RADS 4 in left breast, evident on axial Maximum Intensity Projection(a). MRgVABB was performed on the new detected lesion with a histological diagnosis of invasive ductal carcinoma B5b(b).Fig. 4

Whereas B3 and B5a lesions were equally divided into ME and NME, a significant statistical difference was found between the distributions of B2 lesions as NME(*p* =  0.043) and B5b as ME(*p* =  0.046). Statistical evaluation underlined statistically significant association between NME and B2 lesions(*p* =  0.046; OR .342). Statistically non-significant associations were reported between B3 and B5a lesions to ME or NME, regardless of BI-RADS 3, 4 and 5 score.

Definitive surgical histological examination has confirmed in 55 out of 61 cases(90 %) MRgVABB histological outcomes with an underestimation in 6 cases(UR = 10 %). Underestimated cases belonged to ME in 5 out of 6(83,3 %) and in 1 case(16,6 %) to NME. Moreover, in 5 out of 6 underestimated cases ADH lesions were diagnosed by MRgVABB and DCIS was diagnosed by surgery, in 1 case DCIS was diagnosed by MRgVABB and invasive carcinoma by surgery ([Fig. 5](#fig0025){ref-type="fig"}). On the other hand underestimation rate and BIRADS score at MR have no significant association.Fig. 5Figure shows a case of 47 years old woman with suspicious mass enhancement in the left breast classified as BI-RADS 4(a) undergone MRgVABB(b--d) with a histological diagnosis of ductal carcinoma in situ B5a(e). This biopsy underestimated the lesion, in fact final surgical resection resulted invasive ductal carcinoma B5b(f).Fig. 5

The UR was statistically higher for B3 lesions. Indeed, 5 out of 13 cases (38 %) of B3 lesions were underestimated. The UR of surgery was statistically higher for B3 lesions (38 %), specifically, the underestimated lesions were strongly associated with the presence of an ME on MR imaging (*p* =  0.003).

4. Discussion {#sec0020}
=============

MRgVABB, introduced in 1999 \[[@bib0135]\], is a safe and accurate technique for histological clarification of suspicious or equivocal lesions visible only by MR \[[@bib0140], [@bib0145], [@bib0150]\]. In cases of suspicious MR findings, clarification of the diagnoses is often required in view of the well-known disadvantage of breast MR - false-positive results. If such a lesion is not observable by conventional imaging, stereotactic and US-guided biopsy is precluded and MRgVABB must be performed.

The majority of MRgVABB procedures that have been reported in existing studies were performed with automated guided techniques designated software programs and medical devices \[[@bib0085],[@bib0155]\]. A freehand VABB approach has been described in few other studies in the literature \[[@bib0090],[@bib0160],[@bib0165]\]. Freehand technique is more accessible and less expensive than automated techniques as it does not require any specifically designed software, hardware and medical devices.

The reported technical success rates of MR-guided biopsies with automated guided techniques are within the interval of 96--100 %, and the cancer yields are in the interval of 28--38 % \[[@bib0085],[@bib0155]\]. Technical success of manual approaches has been reported to be approximately 95 %, with cancer yields of 14--20 % \[[@bib0090],[@bib0160],[@bib0165]\].

In our experience, with a careful selection of cases, technical success has been achieved in 100 % of cases, excluding one case in which we had to terminate the procedure due to bleeding.

As examined by Schrading \[[@bib0170]\], we used an MR-guided vacuum-assisted biopsy protocol that indicates collection of a larger amount of tissue, aiming for partial or complete ablation of the target-lesion. The rationale is avoiding biopsy failures(false-negative results due to under sampling), accomplished by collecting larger amounts of tissue.

The demonstration of target sampling is certainly more difficult following MR biopsy than following US or MMG guidance. MRgVABB is not as precise as other modes of guidance; the biopsy marker must be systematically placed following the procedure in order to determine the biopsy's exact location. Additionally, MR lesion enhances only in vivo and its presence cannot be confirmed on biopsy samples. Moreover, even when the biopsy marker is correctly positioned, our results confirm that radio-pathological correlation is particularly difficult to be determined following MRgVABB. With aim of compensating over this difficulty, some researchers suggest a short-term follow-up MR after MR guided benign results as a mean to decrease the number of missed carcinomas. For MR biopsies and in view of 1% rate of missed carcinomas, the usual practice after a benign MR biopsy result is to perform MR short-term follow-up 6 months after the procedure \[[@bib0175],[@bib0180]\].

However, some challenges do exist. Vacuum-assisted biopsy may be technically demanding in patients with very small or very large breasts and in those with specifically located target lesions such as the immediate retro-areolar, superficial subcutaneous, deep pre-pectoral, far medial parts of the breast, or in case of breast that is too thin under compression (at least 3 cm) \[[@bib0185],[@bib0190]\].

Furthermore, a considerable proportion of lesions diagnosed by percutaneous breast biopsies are classified as high-risk lesions \[[@bib0195]\]. The high-risk histology includes atypical ductal hyperplasia(ADH), lobular neoplasia(LN)\[regrouping of the former atypical lobular hyperplasia(ALH) and lobular carcinoma in situ(LCIS)\], flat epithelial atypia(FEA), papillary lesions, radial scar/complex sclerosing lesion, phyllodes tumor and mucocele-like lesions \[[@bib0200], [@bib0205], [@bib0210], [@bib0215], [@bib0220]\]. When these lesions are diagnosed by image-guided biopsy, the presence of an underlying malignancy may be underestimated, yielding a challenge for clinical management \[[@bib0225], [@bib0230], [@bib0235]\]. The management of high-risk lesions diagnosed through stereotactic or US-guided VABB has been very well researched and surgical excision is usually recommended \[[@bib0240], [@bib0245], [@bib0250], [@bib0255], [@bib0260], [@bib0265]\]. There is limited data regarding UR of MRgVABB and management of high-risk lesions diagnosed by MRgVABB \[[@bib0270]\]. In our study, we reported lower UR than that reported in literature: 10 % of our total cases, compared to 25 % obtained by Verheyden et al. \[[@bib0275]\] and 23 % by Dratwa et al. \[[@bib0100]\]. In our series, 38 % of cases were classified as B3 lesions, compared to 50 % observed by Crystal et al. \[[@bib0270]\] and 29 % by Gristina et al. \[[@bib0090]\]. These discrepancies are partly justified by the fact that, according to Schrading \[[@bib0170]\], we have collected larger amounts of tissue for each procedure, allowing successful sampling, thus improving the diagnostic yield. In literature, lower needle gauge used for vacuum-assisted biopsy was significantly associated with a larger amount of tissues and a lower UR \[[@bib0170],[@bib0275],[@bib0280]\].

While a large number of existing studies in broader literature have described MRgVABB, only a few studies specifically analyze radiologic-pathologic concordance with scarce data regarding histological characteristics of suspicious MR lesions not visible with MMG or US \[[@bib0105],[@bib0110],[@bib0285]\]

Our results appear consistent with prior researches where B3 lesions were often underestimated \[[@bib0275]\]. Our study showed that underestimated lesions were significantly associated with the presence of a mass enhancement in MR \[[@bib0090]\]. In some studies, B3 lesions that were upgraded to B5 at final pathology represented true-positive results as well \[[@bib0105]\]. Therefore, according to our experience we believe that these patients should be evaluated by a multidisciplinary team in order to consider open biopsy after MR-guided metallic landmark positioning in case of mass enhancement features in MR, in particular in breast cancer loco-regional staging.

Our study has potential limitations, mainly due to the retrospective design of the study, single center institution and the small cohort of patients enrolled. Heterogeneity gave rise to an additional limitation: in 40 % of cases, patient study was performed in external facilities with different imaging system(US, MMG or MR). In our clinical practice we routinely perform "second-look" US to detect real MR-only lesions \[[@bib0290]\]. Moreover, we decide to retrospectively evaluate all breast imaging for this study(MMG, US and MR) in our PAC system to further reduce bias, and to exclude lacking cases. Any patient without a complete breast imaging in our PACS System available was excluded. A further limitation is represented by the fact that MRgVABB were performed mainly by one Breast Interventional Expert Radiologist(85 % of the cases) with more than 10 years of interventional breast clinical practice experience. This value highlights Breast Radiologists' role in improving the success rate and clinical outcome, underlining the usefulness of this technique carried out by experienced hands.

5. Conclusion {#sec0025}
=============

Based on the results obtained from our work, we can presume that NME MR-only lesions are most frequently associated with benignancy. In contrast, ME MR-Only lesions should be directly addressed to surgical evaluation due to higher malignancy rate and greater likelihood of histological upgrade at the definitive pathological diagnosis, with significant impact on the therapeutic outcomes. This presumption comprises a great importance regarding breast cancer loco-regional staging, when patients are already candidates for surgery. Due to above-mentioned reasons, radiological features(ME or NME) should influence management of these patients and in order to proceed on a correct diagnostic and therapeutic plan, we propose flow-chart shown in [Fig. 6](#fig0030){ref-type="fig"}.Fig. 6Figure shows flow-chart used to optimize the diagnostic and therapeutic plan for patients in breast cancer loco-regional staging with MR-only detectable lesions depending on features of enhancement (MRgVABB = Magnetic Resonance-guided Vacuum-Assisted Breast Biopsy BIRADS = Breast Imaging-Reporting and Data System). *\*BI-RADS RM 3 score patients were referred for MRgVABB due to clinical context and patients anxiety.*Fig. 6

In conclusion, based on present findings, we suggest optimizing the diagnostic and treatment processes of patients in breast cancer staging which are highly dependent on features of MR suspicious enhancement. Particularly, considering the higher benignancy rate, in cases of NME we recommend execution of MRgVABB prior to the multidisciplinary team(MDT) evaluation. Contrarily, in cases of ME in MR-only lesions, when MR was prescribed for breast cancer staging, we propose case discussion during MDT meeting to consider surgical biopsy. In our opinion, when upfront surgery is the treatment of choice, surgical open biopsy should be the selected method instead of MRgVABB.
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